In this paper, a duration dependence test for speculative bubbles in the Chinese stock market is developed. It is found that bubbles in the aggregate stock price existed before the split share reform. After the reform, we observe the phenomenon of bubble migration across industries. In particular, bubbles migrate from the telecommunications industry to the health care industry. Moreover, we find that monetary policy used to have a significant impact on the bubble size before the reform but the impact diminished after the reform.
Introduction
The 2008 financial crisis triggered by the burst of the subprime mortgage market bubble has had a profound impact on the global economy (Brueckner et al., 2012) .
The Chinese stock market experiences similar boom and bust cycles. The market rose by approximately 400% from 2001 to 2007, but experienced a bust in 2008 in which the Shanghai composite index dropped by more than 75.74%. Whether this is a normal market cycle or a burst of bubbles has not yet been fully addressed. Given
China's crucial role as a global economic power, the understanding of equity bubbles and the boom and bust cycle of this market therefore becomes increasingly important for international investors and policy makers.
A number of studies in the literature have attempted to detect bubbles in equity markets (Hamilton, 1986; West, 1988; Fukuta, 2002) . A strand of literature regards equity bubble as the deviation of actual price from the fundamentals, and develops a variance bounds test to detect the bubbles, e.g., Shiller (1981) and LeRoy and Porter (1981) . However, the variance bounds test relies on linearity assumption that relates all the observations to the value of prior observations. Gurkaynak (2008) suggests that bubbles demonstrate nonlinear patterns in return, and one cannot attribute the violation of the variance bound in data to the existence of a bubble. Another strand of the literature examines the statistical attributes of equity bubbles. For example, Blanchard and Watson (1983) develop autocorrelation and kurtosis tests for equity bubbles. Evans (1987) detects bubbles in the foreign exchange market using a skewness test. Diba and Grossman (1988) implement both unit root and co-integration tests to detect equity bubbles. However, these statistical features can also be driven by fundamental values and made them difficult to conclusively test equity bubbles. To incorporate the nonlinearity patterns on equity return, McQueen and Thorley (1994) develop a duration dependence test for bubbles, by allowing the probability of ending a bubble to depend on the length of positive or negative abnormal returns. The duration dependence test is more closely related to bubbles than other measures such as autocorrelation and skewness (McQueen and Thorley, 1994; Lunde and Timmermann, 2004) . This method has been widely used to detect rational speculative bubbles in both developed and developing countries, such as, Asian countries (Chan et al., 1998) , Malaysia (Mokhtar and Hassan, 2006) , Thailand (Jirasakuldech et al., 2008) and more recently US (Wan and Wong, 2015).
In this paper, we apply the duration dependence test to examine bubbles in the Chinese stock market. Zhang (2008) also applies the duration dependence test in the Chinese stock market for a sample period of 1991-2001. However, He does not consider the important link between structural changes at the industry level and dynamic changes in bubbles at the aggregate level. Moreover, the relationship between monetary policy and bubbles is yet to be studied. Our study addresses the above issues by investigating bubbles in stock prices at the industry level, and the impact of the split share reform on the dynamics of bubbles. Thus, our study has valuable policy implications on both capital market and monetary policy in an emerging market economy such as China.
One of the most important capital market reforms in China has been the alleged "split share reform" of listed enterprises. From the beginning, a so-called "split share structure" was established to maintain the State's dominant role in corporate operation in the Chinese stock market. Most government-owned shares, together with shares issued to other investors before IPOs (legal person shares), were strictly prohibited from trading in the secondary markets. Before 2005, only approximately one-third of the shares in listed firms were freely tradable. There were a plenty of speculative transactions, as stock prices are not driven by their fundamental values (He et al., 2017 ). In addition, corporate managers have less incentive to improve firms' value as they do not benefit from an increase in share prices. In April 2005, the China Securities Regulatory Commission (CSRC) published Guidance Notes on the split share reform of Listed Companies. The reform was aimed to convert all non-tradable shares into legitimate tradable shares in the secondary market. It improves market liquidity and overall operational efficiency of listed firms, since all shares are priced at market values. Thus, the split share reform provides us a unique opportunity to examine the relationship between trading restrictions and speculative bubbles. Zhang (2008) , our results show that bubbles exist in China's stock market. However, the contribution of a bubble to the overall stock price is moderate after the split share reform. This suggests that the release of trading restrictions help mitigate speculative bubbles. Looking at the speculative bubbles at the industry level, we find a migration of bubbles from the telecommunications sector to the health care sector after the reform. In addition, we find that monetary policy tools are effective in suppressing bubbles in particular for the period prior to the split share reform. Harman and Zuehlke (2004) suggest that duration dependence tests for speculative bubbles are sensitive to model specifications. To check the robustness, we repeat our empirical studies across various specifications. Our empirical results remain robust to the method correcting for discrete observation, the use of equally-weighted and value-weighted portfolios, and the use of weekly versus monthly stock returns.
Consistent with
The rest of the paper proceeds as follows. Section 2 briefly introduces the duration dependence test. Section 3 reports the empirical results. The impact of monetary policy on bubbles is discussed. We also conduct a variety of specifications to examine the robustness of our results. The conclusion is presented in Section 4.
The Duration Dependence Test
Following McQueen and Thorley (1994), we assume that the price of an asset is equal to its intrinsic value plus a bubble, i.e.:
where is the bubble, 11 [] ( 1 )
Bubbles can grow and burst; more specifically, we define 
Bubbles grow with probability , which compensates the loss of the investors when bubbles burst (with probability 1 . When bubbles burst, the price reverts to the initial price with a small initial bubble value, 0 a . McQueen and Thorley (1994) show that, for a bubble to exist, the probability of a negative abnormal return conditional on a sequence of prior positive abnormal returns decreases with the duration of the prior period with positive abnormal returns. The duration dependence test is based on the logistic transformation of the log of the length of the prior run of positive abnormal returns: 6 (l n i )
where i h is the conditional probability of a negative abnormal return, and i is the length of the prior run of positive abnormal returns (hazard function). The log likelihood of the hazard function is 
Empirical Results

Main results
For the aggregate analysis, the weekly value-weighted A-share returns of the (C-GARCH) 5 . Following Mcqueen and Thorley (1994) , we allow the C-GARCH model with lagged returns of up to three orders 6 . More specifically, we use the following model to calculate the abnormal returns in the Chinese stock market:
where t R is the compounded weekly returns on the equally-weighted portfolios. 7 IFLA is the consumer price index (CPI) inflation rate. The weekly inflation rate is calculated in the same way as Lunde and Timmermann (2004) 8 8 The monthly CPI is converted into weekly inflation rates by solving the weekly inflation rate such that the weekly price index grows smoothly and at the same rate between subsequent values of the monthly CPI. 9 It should be noted that in equation (3) The run length i represents that the number of weeks for which a series of abnormal returns lasts. The abnormal returns are errors estimated by the C-GARCH model in equation (4). The sample hazard rate is calculated by () The split share reform started in April 2005. To account for the potential market structural change caused by this reform, we estimate the model and conduct duration test of equation (3) for subsample periods. The results are summarized in Table 2 . . P-values are in the parentheses.
Table2. Summary Statistics of durations for subperiods
Note from Table 3 that there is duration dependence in the telecommunications industry (p-value = 0.09) prior to the reform; Thereafter, the health care industry shows significant duration dependence (p-value = 0.05). Therefore, our findings suggest that the bubble does not completely disappear after the reform. Instead, it migrates from the telecommunications industry to the health care industry. 3) X and Y are mutually independent and respectively subject to the continuous distribution functions F and G.
Tests for Differences in Duration
We first apply the Wilcoxon, Mann and Whitney test for the following null hypothesis:
: 0
Let be the rank of in ascending order. The rank sum of can be written as ∑ . Under the null hypothesis, the standardized rank sum is: * ~ 0，1
and
To test the differences between two population samples, we implement the Kolmogorov-Smirnov Test. The null hypothesis is : for t∈R. The statistic is defined as follows:
where and are empirical distribution functions of X and Y; d is the greatest common divisor of m and n. (Critical values of the sample distribution are provided by Hollander and Wolfe, 1999)). Table 4 summarizes the results for the two-sample tests and the numbers are p-values. The tests are carried out for both periods before and after the reform. P-values<0.1 are highlighted in boldface.
Based on the two-sample test of positive and negative abnormal returns in the prior reform period, noticeable differences can be observed between the positive abnormal return rate and the negative abnormal return rate; after the reform, we find insignificant difference between these two samples. This result is consistent with our previous finding that the contribution of bubbles to the aggregate stock index has significantly been reduced after the reform. It is evident that the split share reform has suppressed the speculative bubbles.
The Impact of the Interest Rate on Bubbles
While the increase of interest rate generally has a negative impact on stock returns, there is little analysis of its influence on bubbles in the Chinese stock market. To examine this, the influences of interest rate (I) and its change (ΔI) on bubbles are analyzed under four distributional assumptions, namely, the exponential distribution, the Weibull distribution, the Gompertz distribution and the Cox proportional model.
The weekly risk-free interest rate is collected from CSMAR, which is the one-year deposit rate announced by the central bank 10 . Table 5 reports the regression results for 10 We also use the repo rate as alternative measure of risk-free interest rate. It turns out that our results remain qualitatively unchanged.
the hazard rate under the four distributional assumptions. Looking at the periods prior to and after the split share reform, we find a significant difference. Before the reform, an increase in the interest rate leads to a significant increase in the hazard rate and a decrease in bubble duration. These indicate that the interest rate policy was effective in suppressing bubbles. In contrast, this effect no longer exists in the post-reform period. A possible explanation is that in the post-reform period, there were expectations of RMB appreciation. These expectations, together with an inflexible exchange rate regime, led to a huge stock of foreign reserve. The accumulation of foreign reserve led to excess liquidity supply, which added pressure to asset price appreciation. Much of the monetary tightening in this period was to offset the impact of the excess liquidity supply. Therefore, its impact could be weaker than the prior-reform periods in which the foreign reserve-led excess liquidity problem was not a major concern.
3. Overall, the evidence of Table 6 suggests that for both equal-weighted and value-weighted portfolios, the rejection of the no-bubble hypothesis for the runs of positive excess return is robust to all specifications. 11 Consistent with the bubble model, there is no significant duration dependence on the runs of negative excess returns. 11 We also repeat various specifications of duration dependence tests on industry level and subsample period (pre-reform verses post-reform). Our results remain qualitatively unchanged. For brevity, these results are not reported, but available upon request. 
Robustness tests
Conclusion
The rising role of China as a major economic power has sparked the interest of investors and researchers worldwide in understanding the behavior of its stock market.
In this paper, we implement a duration model to examine empirically the existence of speculative bubbles in China's stock market. Evidence of the presence of bubbles is found. Before the split share reform, the probability of bursting a bubble is shown to have increased with the bubble duration. After the reform, the contribution of the bubble component to the aggregate stock price reduces. Our result suggests that this was caused by a structural change of the market at the industry level. Specifically, bubbles existed in the telecommunications industry before the reform, but migrated to the health care industry afterwards. Prior to the reform, there was segmentation of tradable shares and non-tradable shares in the primary market. In the secondary market, the non-payment of dividends also turns the market into a site for pursuing highly speculative returns rather than value investments. As a result, it was difficult to eliminate bubbles before the reform. Finally, our finding suggests that monetary policy tools were effective in suppressing bubbles prior to the split shares reform, but the effectiveness has dropped off significantly after the reform.
